Introduction
Triglyceride-rich lipoproteins (TGRL) provide cells with lipids for use as fuels and may have pro-atherogenic and pro-inflammatory properties(28). Circulating TGRL (chylomicrons (CM), very low-density lipoproteins (VLDL), and their remnant particles) are a highly heterogeneous family of triglyceride-rich apoB-containing lipoproteins.
TGRL are hydrolyzed by lipoprotein lipase (LpL), an enzyme anchored to endothelial cells causing release of smaller remnant particles and other lipolysis products, such as free fatty acids (FFA). Elevation of TGRL in the postprandial state is associated with increased endothelial cell inflammation and dysfunction and complications of atherosclerosis (45) . Previous studies from our group showed that TGRL lipolysis products cause endothelial dysfunction with increased endothelial layer permeability (7, (35) (36) (37) . Clinically, elevation of the postprandial triglyceride level is an independent predictor of coronary heart disease (CHD) (16, 49, 50 ).
An increased plasma triglyceride concentration has been shown to be associated with impaired endothelial function in vitro(25) and in vivo (23, 24). Data from our laboratory and others indicates that TGRL lipolysis has significant biological effects on endothelial cell plasma membranes. Specifically, the increased endothelial layer permeability was found in TGRL lipolysis perfused rat arteries (36) . Further, recent data shows that TGRL lipolysis mediated increases in permeability result from the active rearrangement and dissolution of the junctional barrier in human aortic endothelial cells (HAEC), as well as induction of the apoptotic cascade (7) . However, the mechanism of TGRL lipolysis-induced endothelial cell dysfunction is not clear.
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Free fatty acids released during TGRL lipolysis may contribute to TGRL lipolysisinduced endothelial cell dysfunction. Free fatty acids were shown to play an important role in endothelial dysfunction (42) and Hennig et al. (13) (14) (15) have shown that exposure of cultured endothelial cells to oleic acid decreased endothelial barrier function expressed as increased transfer of both albumin and LDL across the endothelium.
Furthermore, hypertriglyceridemia can lead to endothelial cell dysfunction associated with increased superoxide anion production and a subsequent decrease in nitric acid (NO) bioavailability. Recently, Halle et al (11) showed that palmitic acid and oleic acid decreased endothelial nitric oxide synthase (eNOS) activity, whereas linolenic acid did not influence eNOS activity. These results demonstrate that elevation of free fatty acids may contribute to endothelial dysfunction and emphasize that free fatty acids affect the endothelium differently. However, these studies were limited to investigation of one or two kinds of FFA, and the results were not consistent. It is not clear whether TGRL lipolysis affect eNOS activity and superoxide anion production. Further, the exact mechanisms of how fatty acids affect eNOS activity and endothelial function have not been elucidated.
Lipid rafts are dynamic, detergent-resistant, plasma membrane microdomains that are highly enriched in cholesterol and sphingolipids (40) . These domains appear to facilitate interactions among the protein and lipid component of signal pathway and participate in cell signaling processes (40) . The fatty acid side chains of the phospholipids present in lipid rafts tend to be more highly saturated than those in the surrounding membrane (31, 40) . These lipid microdomains sequester proteins that mediate signal transduction in a variety of cell types, including endothelial cells and (40) . As a result, lipid rafts play an important role in cell signal transduction, endocytosis, cholesterol trafficking, and membrane skeleton integrity (20) . A number of studies have demonstrated that lipid rafts differ with regard to shape, size, localization, protein, and/or lipid compositions based on their functional state (38) . In such studies, biophysical and biochemical microenvironment of the rafts influence the function of the raft proteins.
Compared with the intensive study of LDL-cholesterol and lipid rafts, there is less known of the effects of TGRL and their lipolysis on lipid rafts. Fatty acids have been reported to incorporate into lipids of the cytoplasmic leaflet in rafts and change the lipid composition of rafts (43) . Cells incubated with polyunsaturated fatty acids show replacement of saturated fatty acids with unsaturated ones in acylated proteins, causing these proteins to dissociate from rafts (46). Li et al (21) demonstrated that dietary polyunsaturated fatty acids remodel mouse T-cell lipid rafts. Further, a detrimental effect of fatty acids on T-cell lipid rafts, which inhibits Jurkat cells proliferation and IL-2R expression on the surface of T cells has been reported (21) . While cholesterol and LDL has been associated with abnormal NO metabolism and endothelial dysfunction as a result of change of lipid rafts (2), it is not clear whether TGRL and their lipolysis also affect lipid rafts, and if there are any consequences in cell signaling or endothelial dysfunction.
Endothelial inury in hypertriglyceridemia is caused, at least in part, by high concentrations of lipolysis products, but the mechanism of this effect is still not clear. In the present study, we sought to understand the mechanisms of TGRL and their lipolysis 8 (SDS-PAGE) with Coomassie staining and lipid analysis. SDS electrophoresis showed the presence of apoB48 and apoB100 in TGRL. Plasma triglyceride (TG) and cholesterol level were determined enzymatically using kits (Sigma chemical, CO St.
Louis, MO).
Lipoprotein Labeling and Treatments:
The isolated lipoprotein subfractions were concentrated and subsequently analyzed by modified Lowry assay (Sigma) (22) .
Samples containing 1 mg protein (at the concentration of 2 mg/mL) were labeled by Atto565 NHS ester with an excitation wavelength of 561 nm and an emission at 585 nm (Sigma). NHS ester readily reacts with £-amino groups of lysines of the amine terminus, forming a chemically stable amide bond between the dye and the protein. To analyze the effect of lipolysis products on the lipid raft associated proteins, raft fractions were pooled, and protein was determined by the modified Lowry assay Statistical Analysis: All experiments were performed in triplicate in at least three independent trials. Values were expressed as means ± SEM unless otherwise noted.
Comparisons among treatments were performed using one-way ANOVA. Differences in mean values were tested by a least-squares means procedure. P < 0.05 was considered statistically significant.
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Results
Localization of Lipid Rafts in HAEC
Laser scanning confocal microscopy was used to examine the localization of lipid rafts in the plasma membrane of HAEC. FITC-CTB is known to bind specifically to the penta-saccharides of the plasma membrane ganglioside Gm1, a raft lipid marker (30).
The confocal microscopy image (Fig. 1 ) reveals the distribution of punctate lipid rafts (light blue color) in the plasma membrane of HAEC. Lipid rafts are more concentrated in the perinuclear region of cells, corresponding to domains enriched with gangliosides.
These imaging experiments demonstrated that lipid rafts are heterogeneous in terms of their size, localization, and distribution.
TGRL Association with HAEC Lipid Rafts
We visualized TGRL interactions with lipid rafts of HAEC using confocal (Fig. 2) . Moreover, 
Effects of TGRL Lipolysis Products on Composition of HAEC Lipid Rafts
To investigate how TGRL lipolysis products affect the composition of lipid rafts,
we conducted experiments to study the biochemical changes of lipid rafts in HAEC.
First, detergent-resistant microdomains were isolated from HAEC using extraction with cold 1% Triton X-100, followed by density gradient sedimentation. A total of 12 fractions were collected, and analyzed for total protein content (modified Lowry assay), cholesterol level (colorimetric method), and the raft marker caveolin-1 (Western blot).
Caveolin is the major structural protein in caveolae, specialized domains of the plasma membrane. Several tissue-specific isoforms were found, whereas caveolin-1 is prominent in the vascular endothelium (8) . Combined caveolin-1, cholesterol, and protein analyses confirmed that fractions 5-7 represented the detergent-resistant microdomains (lipid rafts). We used the fractions 5-7 to conduct the following experiment.
To determine whether the membrane localization of eNOS, LRP, and caveolin-1 were altered by TGRL lipolysis products, HAEC were grown to confluence prior to treatment with TGRL (456 µmol/L TG or TGRL + LpL (2 U/mL) for 3 h. Cells were lysed in hypotonic buffer and lipid raft-enriched membranes were prepared as described in methods. Western blot analysis for caveolin-1, eNOS, and LRP were conducted in density gradients from HAEC. A large amount of caveolin-1 was found in low density (Fig. 3) showed substantial changes in the amount of caveolin-1, eNOS, and LRP associated with the lipid raft fraction and non-raft fraction (low-density fraction) though no change was noted in the amount of these proteins in the total cell lysate. After treatment with TGRL lipolysis, a significant amount of caveolin-1 and LRP were found in the non-raft low-density fraction. Lipolysis product treatment of HAEC significantly 
Lipid Analysis of TGRL and TGRL Lipolysis Products
To explore the mechanism by which TGRL lipolysis affects endothelial cell lipid rafts, we compared the lipid composition of freshly isolated postprandial TGRL and TGRL lipolysis by enzymatic assay. After incubated with LpL for 30 min, there was a slight decrease in the concentrations of triglyceride, phospholipid, and total cholesterol compared with TGRL treatment only, which was not statistically significant. However, there was a significant increase in free fatty acid concentration (10 fold; P < 0.001; Fig.   4 ) in TGRL lipolysis products.
TGRL Lipolysis Products Induce ROS Generation
The concentration of ROS in HAEC was assessed by DCFDA oxidation.
Pretreatment of HAEC with freshly isolated postprandial TGRL lipolysis for 2h
significantly increased ROS generation compared with TGRL only (P < 0.05; Take together, we propose that TGRL lipolysis products stimulate lipid raft clustering, which provides a platform for NADPH oxidase and increases enzyme activity (47) and thereby stimulates the production of ROS. As a result, excessive ROS disrupts lipid rafts and affects raft function (e.g. eNOS), which may contribute to endothelial injury. Further, TGRL lipolysis products induce increased accumulation of TGRL remnant particles in the plasma membrane in association with the lipid rafts. The mechanism for the association of the TGRL remnant particle and the lipid raft is not known.
The purpose of this study was to investigate whether postprandial triglyceriderich lipoprotein lipolysis affect the endothelial cell lipid raft and ROS production. Thus, we incubated freshly isolated human postprandial TGRL with LpL to generate a mixture 
